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Abstract of JP20033281 1 3 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a GaN-based single-crystal thin 
film, a GaN-based uniaxially oriented thin film and laminated films thereof and also to provide the thin 
films manufactured by the method. 

SOLUTION: In the method for manufacturing the single-crystal thin film, the uniaxially oriented thin film 
and the multilayer thin films thereof, a heteroepitaxial buffer layer of ZnO is deposited by the use of a 
ZnO target by a solid target pulse laser vapor deposition method and then, by the use of a solid target 
of GaN or a mixture of GaN and another metal nitride or substances prepared by adding another 
element or another compound to them and turning them into semiconductors, thin films of these 
materials are deposited onto the ZnO buffer layer. The single-crystal thin film, the uniaxially oriented 
thin film and the multilayer laminated thin films thereof, which are composed of those GaN-containing 
materials and deposited onto the surface of a substrate by the method, can also be provided. 
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( 2 ) 

1 

|CZnO/d:l^L#®<*;^bZ nOSIIi^flFSU -S-tl^SS 
ffiStUT, -5-0±lCG a NXIiG a N*#03lli4<^ 
ii|-r -5 Zt^<l^^tti. GaN JSS14!illK©i^$!l^ 

a. 

[if *Ji 2 3 ±is G a N ti^^emmK m^r^mm 

ox, G a NXIiG aN'^-^tiMf^^Vf^t^. IS^ftH 

lfl*«4] SIRtUT, S^b^'J-JA (GaN) S 

t/K-lbSri} (ZnO) JU^1-(D#1^SS*5, I^SK 

[W*II5] Sffi(D±(CZ nO;5lM^Z nO|Cffe(07C 20 
^Xli-fb^if^S^r^llQ^T^SIft^b^itfcZ nOOmi&fB 

iSiaBlit'UT, ■5-ei>±fcG a N^tSCiG a N tffero^lS 

g-fbi^chOiM^ia. ;ftobG a N3ilil5);1^1^!ilc<l!j(D7t 
^Xli-(b^!t^!i^j^SPL.T¥SI<*^b$-tifcG a N^^t;!^ 

lfll*«6] »|gCD±lCZ n 075:0 U^S^^-lbS-B-Tt 

T, ■5-0±lcGaN/j:0UGaN<!:ffe©^Sgib!t^<!:0 30 
;a:OUi|i»tt:^b$ti:fcGaN/j:OUI^ig^%l© 

ICGaN;S:lM^Ga N<l:<fe©^Ba<b^i:©iB^%l, ^j: 

OLG a NXIil5lS^i^Cft!j<D7C^XIi^b'&!t^^>^}lPb 
T¥3lfr"fbS-li-/2:G a N^#04^!)«roi»)l^m;^lCfge 
l-^ChlCjcU, GaN^tt;!^KO*^Bltt#^«S 

I|g3}^II8] S<5O±IC#^L,;tZn0;:jlNt¥®<* 
•fbSl+TtZ nO©-S4iBl°)14jil!i*«i»®<!:UX, 
±IZG a NJ:i:l\bG aNiffeW^l^^M^iltOiS^^^, 
/<j:l\L¥jS'(*'(b$1*;tG a N^lMypia^^©-$4ElRl 

05:^iilcJ:Uf^ia$n-5Ga Ni^SttSmSTfcoT, S 50 



2003-328113 



2 



^'^mufcci^itt^ai-rsG a N^ssreitjiii. 

III^RII 1 0 ] IS^II 1 X>^e> 4 6 (Di^tnt>\ZR 
SltO:^aiCj:'Jfti!$n*G a Nl^ffiltSlfliTife^T, 
»tg©±lCZ n 0/j:lM^¥»1*<b$1i7tZ n OO-liigE 
l6)14jili^f^S3U. ^n€ili«)i<hUT. ^(D±lCGa 
NTiOUG aNtffeO^SS-fWa.tOig^ifa, /j:l,M^# 
jg<*^b$-lt>tG a N/j:l\tlRl;fi^iKl©-ttfiElfiJl45iBI* 

f^iiii/fc^it^i^sit-rsG a N-iiiiffiiPiit;siii. 

1 1 1 is*ii 1 4 &tX7 <^i\-fn*MciE 

Kro^^iSlCctU^tiSSn-SG a NJSrBttiiliT'fe-pT. 
at50D±lCf^i!{b;t Z n 0/<j:tNL¥»<*^bS-l±;t Z n 0 
(Dm^fBttSllll^^ffiStUT, -E-0±lCGaN;S:OU 
G aN<!:ffeO^SS<b*!l<tWilo#l, ^SrObGaNXIi 
I1IS^!|^3 lcfi!iro7tS3ili^b^!^^ >^J)P UT^i^^l^-fb^ -d: 

[11*11121 m^m^t)■^'b4^U8<D^^tnmz*^ 

Ko:^r;ilcJ;iJ{t^Stl'5G a N$gSlSi»MTfeoT. 
»4SO±lCf^tab;£:Z n 0/j:OL4^*i*<b$1tfcZ n O 

<D-uis.[^^mm=S:mmmt ut, ^0±icg a n^o 

UG a N tffeO^MS-fb^^ilirojg^ifSl. /j:OU¥2f 1*^b 
^litzG a N/j:OU|5|;S^!t^0-IAieiS)'K5iM^)li;^JlC 
«;i^'i>C<!:lcJ;Uf^i!!UfcC<i:«i!}#ia<l:-r4G a N€r 
^t>iJ5SO-«iliElfi)14^S»SSIll. 

[0 00 1 ] ■ 

[^moHtmWii^m: *5|B^I*, G aNcD'NxPX 
t:? + •> -\' ;U^BM&z;i5)X f:5' + •> t JiSlSIKte 

^ni<oi3ii\z^vn'bn^w\Mmisiz^m$'^m^Mm. 

K=t^-\":/::^¥3H*<i::t:/hxU'i' \-D-iP7.<om^tfJi 
i)GaN/j:l\UGaN«!:ffe©^JiE<b%lt©-S^*K3, * 

[000 2] 

ViSt^omil GaNI*. Pj-7'KXU^' HP-i>7.5^lf 

T(Dig7:j:¥^{*T'$. y . ^?-<biiisi«D°DS/j:*asfBtt 

T'I4. CVD. MO-C VD;itlCJ:U, iC-y-77-l' 
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7 (Al, O, ) #$SrBg^fi^fflt^T, -5-(D±lCGaN 
^S^(Dll^14(Sa< Ul\f}i (^^^14 : 2 9 %) 

ikJI^) *^-6. JgffiA<J«SLSoa^k7;U.5z:'>A (A 
I N) XliA I N<!:GaNC7);g^!t^|©*i^Si5Jg;fe, $ 

■r. •y-7 7-f7±iC'fiF^u, -e-n^&i^a'iiUT. -^-cd lo 

*<«i:&nTl^S (S. Nakamura, T. Muka 
i and M. Senoh:Appl. Phys. L 
ett. . vol. 64 (1994) 1687-168 
9;S. Nakamura, M. Senoh, N. Iw 
asa, S. Nagahama, T. Yamada a 
nd T. Mukai :J. Appl. Phys. , v 
ol. 34 (1995) 1 332-1335. ). 
[0 00 3] SIC, HT. hS^A^bK^/jryp-tX^i 

jgLT. mm. mm±izGaNmm^itmt^fttt>(Dm 20 
ffiSKoG a N*»ai4»is*-y-7 7'r7±iciijg<:^tij 

T«5<i:l^p$S^*^^S*^, fiJcHilgAfilO (A. K I 
kuchi, H. HoshI and K. KIshi 
no:Jpn. J. Appl. Phys. , vol. 3 
4 (1 9.9 5) 1 1 5 3 - 1 1.5 8.,) . ^1t. fS^^f 

K y h (f^m) ^(D^mmm^^f-m^ia ,( r h e e d) 

h V-<f»o>RH E E D/T^->A<«iiilsn« 

n<DG aN<DFSLmt. M^'fX-^7>'E-79lZ)Si^X 
"t)T'^TO/j:l.\ (D. Fell e r, R. S.Will 
lams, A. A. Tal in, H. Yoon and 
M. S. G 0 0 r s k y : J . C r y s t , Growt 
h. vol. 171 (1997) 12-20;R. D. 
Vispute, V. Talyansky. R. P. S 
h a rma, C. C h o o p u n, M. D o w n.e s ,. 
T. Venkatesan, K. A. Jones, A. 
A. Iliad is. M. Asif Khan and 40 

Y. W. YanE:Appl. Phys. Let 
t., vol. 71, (1997) 102-104; 
A. Yoshida, K. Ouyang, B. S. Ch 
ang and A. Wakahara.:Thin S 
ol idFi Ims, vol. 343-344 (199 
9)127-129.). 

[0 0 0 4] lEIC, imGaN^—tfy\'t7>'E-7 
^:^'&mz>}&i^/Vl'XU-1fmMli ( L T P L D;S) ^ 
fflOT, ZnO^Sg^t•y•7 7'^7S^5±'^©GaN^K 
©f^i?'bl»St$nTl\-5 (R. F. Ziao, H. B. 50 



Liac N. Cue, X. W. Sun, H. S. Kw 
ok:J. Appl. Phys. Vol. 84 (199 
8) 5 7 7 6-5 7 7,9. ). cniCj:y, XmBiUti'^ 
6)mTiE|nltt©S.UG a NOie^'+vi'MiMO^J^ 

tm^^tlXi^^. LA^L, mijmX'it, K^ffTT'O 
PLDiSlCfc^ZnOfiEHi. 7>=E-7ETX(D)m 
G a«:fflO;tLT P L piCj;-5G a N^Mro2i®li$t 

-7<Dm'm(D^mj.xm'b!^^mx'$>i>, 
10 0 0 5] n^&ifmnmmpmmm(D^^^''-(y^ 
- \'<om^miit$)im<Dmu^\^±(ofttb. sic. mmR 

®©GaN^U-tf©BBS©fci{>|C|i. GaN(DJ;U!i 
li, fi-* 0&mRti7iM^^mu Lft n S9-^f> p SIOD G a 

N#?i#2iiXG aNti&<o&mmMm(o§'mmmmmx' 
wsisti*©T. RaHWKTfestiiieic, v^im 

u ^mx\ A^-ommyi'imx<Dmmmm<oi^my3 

3t^*'f ^- K©g§5E(p;t«)lcii. G a Nayc^gg^M^ii 
©-WiE|fiJl$liB!tPI»l!IIStX-E-Of^|!iaX)«!iJgt;a: 

•S, • ..V , . 

[0 0 0 6] ; - , 

7±^OA I NS?Q^K8^t!Bj0^jeii«iflJffiL//tGa 

NiiliCDC VD^ICcfcSf^i?:^;*^, >gi*G a^J'-^r'y 
h<»:^1$07>'t:;7^'7.^ffll\;t L T P L Dii^i^o 
T.W 2 n O ^ffi^b-y- 7 7 •< 7±'N(^) G a N COX + -> 

i'^i'jiiiJtoftsiiasitiiRxjy, p L pacic.fcu-y-7 7 

'r7/j:UU-?-+lJU^1.(DS*5Q±|cfcgaK/j:G a N©X 

f:$' -> + ;up)isz;f-$4seiS]i4giM$<^Sif -5:^;* ^ 

/tISSv B#©GalsliS-f <J'-'i7''y hlcffll^fcSf*^ 
-■y^y h/V^^^— f'SgJt;* ( S T P L D;i).«ffll\5 

;^;SlCcty. 1f7 7'r7/j:ULi[:^B^^it^lSp (1 1 
1 ) SXIi;'3 57.S^5ffi±C0Z nO^®l±|CG a 

^. c i ic J; u mmoo b efi=s:mmmi> c t <&^ia 

iJiit. Ctlt>07^iilCcfct!<#t>n-5G a NXtf^4^-> 
L-WilBlSl14iSli5illSt/-£-neo^®« 

[0 00 7] 

( 1 ) /r;!,:^ U-tfSl3t«gi;i iCct U. S^fi±lC Z n o 

;5:i\t#sif*'(bzno^iii*fti^u. tnmmj§tL 



(4 ) 
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(2) ±iiGaNm^u^mm\ ^lesttisn e^xp 

( 3 ) g^3?HaT/j: U L^^y^X y-TlCfeOT, G 
a NXIiG a N^^tJitM^^gJ-T-S. H>Jie ( D l-IS 

(4) »!{giUT, mit^'OOA (GaN) SlX^^kS 10 

as (zno) m^'fc^^ssraS^g. n^n (n^:^) m 
1^7 7 -< 7 mi^Bmm. xi*. A^^s^x-^-sGa 

Nau:znO<hl5i-(^C6 ^-t^^tt^^^Sil^S^i^R 
cD^ma^Sffi. «tiie (1) lciEK(D:^;i. 

(5) »«(D±lCZnb^ClM^Zn0lCft!jO7C^XIi'fk 

<tUT, •t(D±(CG a N^teObOaNiffeW^aS^bi^ 
■fk^^&^^SP LT#®<*^k$1ifcG a N t:'^tJ^m(Dm 20 

(6) »<R©±ICZ n0^lM^i»ia«*<t$-t*/iZ nOO 

ICG a N/J:IVUG a N ti^<D^mMit^tit(D)S^-^^^^ f£ 
l\b¥^'(*'fb$1±fcG a N;t£l^UPlS•&!}^!K^— SAKl^tt 

SIS«f¥m-rs:ii^4$Skt-r«.. fitFlE (1) IcIEtlo 

( 7 ) ■ »1g©± IC#® b Z n O I M.¥^<*<k$ -ti-^ 

z n o<Dmtt^n.mm^mmmti^x. -£-o±icg a n 30 

/j:ObGaNifteW^SS<b%ltOS^%l. ;S:l\UGa 
N Xlil^jS^«SlCffl}©7fcSSXId:<b^1^J^^*P bT¥SS<* 

■(b$i±/iG a N$#iD!»^is<0!iK*iii;^i;icisef set 

ICJ;0. G aN^#tii^5«(D*^Sl4#®SSMm*f^ 

(8) SiKO!)±ICf^SlbfcZ nO^jOL^SIWbS-li-fc 
ZnO0D-$llilErfil1S5lfflt^i^ffi^<!:bT. ^ro±lCGa 
N^i:l^UG aNtffe(7D^Rg^b!t^<t(0jl^!t^. ;S:t\b¥ 

li;^:(cltg-rs^<!:lcJ;U, G a N^#t4«(D-ttBE 40 
(1) icEKO^j*. 

(9) mliS (1 ) ;&^b (4) RlX (5) (Dl^^'n*MC|^ 
K0D:^>36 IC cfc iJ f^iS $ n -5 G a N $S SllliMTfe o T. 
S<gro±lC Z n orj:0 b¥^ftib^5-a-/S: Z n 0<Z)*ISS 

^ffiStbT. ■?-ro±lZGaN/j:lNbGaN<l:ftkt^^)i 
g-fb^^JtOil^!!^. /j:l\b#«Wb$-ti-;tG a NntOb 

^ftSib/^rCt^lti^i-f'SGaN^^lB^ttiiM. 50 



!t%r»§ 2 0 0 3 - 3 2 8 1 1 3 
6 

(1 0) ikiie (1 ) (4) St/ (6) (Do-rndMc 

T. StS0±lCZnO;S:Ob#^<*^b$-lifcZnOO- 
ll!iE|Sl1i-aili*<*S!lb. -5-n^fSffi^ibT, -tOllc 
G aN/j:l^bG aNifteW^lg^bit^licDil^l^. /.Jl^ 
b#Sft^bS-tt/cG a N/j:l^b[5);I^<(^ro-l46^[^i)1Sil 
li^f^ilbfcCi^!f$Sii<h^^G a N-$ltKlp]14IWIi. 

(1 1) mi (1) *^e> (4) St; (?) (^)l^■f*^A»lc 

i-^ftG&^'6:ttj<\m<Dmf^im-Mzmmt^ztiz 

(1 2) sdiE (1 ) (4) stx (8) w^^■rnA»lc 
X. mm(o±izimuttz nom^b^mwit^-^ftz 

nO(D-llilKlpJl45SM^^lBS^bT, -?-©±lCGaN 
ni:t\bG aHt^<0^mmmt<D'R-a^. ^Clxb^^ 
{^-fbSitfeG a N/j:l>bl^jg^!a©-»*ElRltt>SBI<£«i{ 

•,x\zmnti> ztiz^iji^mLTzzt^^ntt^Ga 

[0 0 0 8] 

mm<onm(DiBm mz. *^wlc^l^TSlcBJilc 

— tf^t^M^fS (STPLD;4) ICJ: U / G a NXIi 
G a N*#tj'!KlS<DXt::J' + ->i'^U>iMXId:-WiEl^)14 
illi. St;^-nf>(D^Sfg®jiM^f^8ai-?.^;*TJfeo 
■y•77'f7'C0cS!Al^ba®:ttl^bl*C, Wiftitt* 
}$■p*^BVJ:l^b^E:^B^^i^S©*iSB=B«ffi! (111) 
iiXli^^XS^SH^fflOT. z n O^iffil^fiStMb, 
;>:l\T, G aN/jUbG a N«:#t;itaKS:Xt:^ + -> + 

*fl Wli, SHiE© S T P L D ;i IC J: ij -y- 7 7 7 ^ISFb 
n!:lNbjl:^B^BS*^BlSffiO (111) MyiS:'35;^S 

ffiffiicG a Ni!iB^Btt-;ii]i^<t^t^:^j*ic<fcyi^i!$ti 

^, GaN/j:ObGaN^^t;!f^!lK0Xe^+->-\'-/l'ji 
ffltXli-li!iEl^l14»K?S:l^b^-n60^1«»»SI. T 

[0 0 0 91 :*:5SB^lCfcOTIi« AJl7,[y-1f^mW(D 

^y^^-mo^'m'i-iz^m ■ mm (7:^w— >3» $ 
ti-, -j-n^agiiij^b/tsffiicSTTittssti:. torn 
m±\zmmn(om!^iiffmti>i5ii mw^-'/':/ 

^ffllNT. ZnOig|ffi®©±lCGaN/j:ObGaN^t 
t;!^S©ISB^ttlli/d:i>b^®SS5ili*f^S!|-r'5. * 
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[0 0 10] xe^'+->t;l/SlilC^l>Tli, JUTODJ; 

<?3SI^<£?7t\. Z n OSf/G a N/d:0 U G a N $^t;!|^!l 

TittWt*. ZnOtGaNli. ^tlCA^^aJ^lCiaU 
•?-n-?n, 4S?-:SA<a = 3. 24. c = 5. 20Ata 

= 3. 18 6. c = 5. 1 7 BA^ttSOT-. JSe^ifa 10 
^OSI^14;5^S!4^)TiSl^ (a SlKc I4ro:i^g^t4 : i . 

4.. 763, c = 13. 003 AO<i€W b> ^S^'fiOS 

fiP^, -y-77'r7ii. cs (ab 

®. (0 0 0 1 ) ®) rtTGaNi^xOXb::$'+ 

4 9%*y, a biBl^T3 0g|ilgUfc<hUTt)2 9% 

(2/(3) 1'" x 4. 7 6 3/3. 1 8 6 = 1. 2 
9) HIC. •y-77-1'7iGaNiO?ig^CDSIfDi4 20 

lia»T';5:nOT-. -yi^T-f 7±ICG a NoaH/j:Xf 

b^t^tis^r^u. 4#(c, -y-77'i'7<Dc®^ii::^B^m 
(1 1 1) m(D^^/3.cam\i^^t^mm^Bmm 

[ 0 0 1 1 ] ■y^7 7-<7©a®. fip-fe, (11- 

2 0) c, «f;r-ia^J%;ff, OL-yhRAU^ 

4. 1 2 4<l-y = 1 3. 0 0 3 (=c) Ao^y^B'^m 
x = ax (3)'" /2 = 2. 8 0 

6, y = 3. 2 4 (=a) at^u, -^-n-fn, cns 

©1. 4 7{g (Jtjl . 5 = 3/2^) <i:4. 013fg 
(*;)4«) t/3iVm-$tt^. .Z nO;5SJgS^RL^l\C 

H^ftSlT^-S. i)\<LX. ST/LDiSICfcy, 1^7 
7-f 7 cffi/d:lVUa®±lc^Scpz n O (0 0 0 1 ) IB 
|fi)Xlf:5' + ->i';Uil|g$t^®U.-i^OT. -en^^®® 
ICLT, G a N©^TPX t^4i/t;UpM^f^i!|-rn 
rf, GaNO*«ft1$li|g|^#ji«ig|BIA<flF8SoI#6i 40 

[0 0 12] *fgB.§lzfcltS*JSfBl4iSBi<^iSTii, S 
^iUT, •b-7 7-l'7©a<»:c®©<fe, C, >tmi4^i$ 

T(^a:t^©T, ?v:^ssicji^^iia§yi^<b^^ (o- 

SiC;a = 3. 076A; 3.4%) tjils 

U. 3l:^Bl^!f^!lK© (111) ®*JSB^BSffi^ffll\-5C 

()8-SiC;a = 4. 3589 A). Sf'fbV^'':^va 
A (M g O ; 4 . 2 0 3 A) , S r T i 0, ( 3 . 9 
05 A), LSAT (3. 869 A). NdGaO 50 



I (3. 8 6 3 A) . L a A I 0, (3. 8 2 1 A) , 
•>'Ja> (5. 4 2 A) m/)^$>^. zn^o) (11 1) 
SiGa NXliZ nO©*S?-^a©2^i©^il^1$ 
li, -ttl-f^n, 3. 3, 6. 7. 13. 3. 14. 1. 

1 4. 2, 1 5. 2, 20. 3%T'S.iJ, ■t^77'f7J: 
USI^ttA^iliOOT. :3?.\~tffmt^GaU<DS>niZ 

[0 0 1 3] *;t. GaNJR?-|C^to^,tt3N^KlS. G 

a N ea-©^'f. G a N <!:ffe©ifelg^b!f^!)©;i^!t^T* 

y , s T p L D (C!i:>g/j:@i*^-y ^mm'^^X'h 
^/d:b. l^•rnT'^)«t<. •?-nt)©f«iicfi(b/j:o. fin 

^Tl^T'b, GaNiim;A:^JS^©«ft«jt$^fi5|t 

tn(^ctl^©T^ GaN©ffelCt> G a N <t A I N/j:l\ 
UBN/j:l\Ul n N<i:©;I^i^/)«$tl-l.*^ zn<b 

\z m e> -r . 7X15 ^B^mn t s i ^■rn©^s^■(b!B!lX(i 
Tc. GaNf£{.^L^mm<m<om^^iz. 2m. xi44 

5 ffiW^RTtm, mif. SIS (Zn) . V^t- 
•>0A (Mg) , y^Ux'^a'JA (Ge) , 'yJlH-n. 

(Z r) , (S n) ^, 5^^'> (T i ) . v-V 
)i> (Mn) , tiJl^xV (Mo) , m (Cu) l|©S 
f$^Ji^©SSa;^i)DL/T. pitf^aiNUnSSfc^iiS^'fbS 

[0 0 1 4] ;^lw,:2|s:3SBJfcfc(t-5-$4ffi|R)ttGaNii 
Rrof^tHTIi, Z n 0©-filiE|S)ttaia5Ji8t;&if^|KT* 

ni^cfciN©T. :^'^;^^©#$SB^BKSffi^ffli\-sc<t*^ 
^<ox\ m^.<K>m\.v^^\^yiP7. i^mmm jk/sinl/ 

[0 0 1 5] JUTIc..;4K||B^|cJ:4STPLDaciZn 

0*iffi^$:fiJfflL/T©G a N© (0 0 0 1 ) E|S)Xf^ 
+->-\';Ui»liiXI4-}iliKlS)14iill©#S^(c5ir-5IISii© 
^1i«:i!iSlcJ:Ul¥$Hc|jiB^-r^. 01 ic, ^i^B^aa^fi 
±ICG a N^CINUG a N i$«S^b«5©5g^^S|©Jjiig 
B^B^BiX(i-l4BE[S]iaiiM/j:i> L/|Hl^@®Miil^i&f^8!| 
■r*/cto©@<*i5'-y'7 h/x;!/::;^^— y'^g (s T p l 
D) ^M©-:^;£$*'rfflllBS0€Tv'r. ZnO©@tt:$' 
-^v hi, G a N&Z/G a N<!:ffe©&JBS<b^©;I^ 
!fJl. XI4i|i»{*^bGaNS|€$tf«St©GaN©li<*^ 
-y 7 h?-. mi ©a^gsftf©:?'-^ h;t^;i/i$^-|c 
t->hLTfc$. ■y-7 7-1'7/j:lM.,C, >i=}|4-.14^^-r-5 

T', G a N/j:l\ UG a N <!:^Jigib«3l|«t©S^«J©* 
J^B^BlSiiMX IS-li!iiEiS)14;ill. /j: u L (i^-* ©lifli© 

[ 0 0 1 6 ] *^B.«-Cld:, STPLD;^$:ffll^T, -^-7 

7 (0 0 0 1) ^m^Bm^y,\t=^M^^my7.m 



( 
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^J5±II (0 0 0 1) R\^<DZnOI.t:^^i/^J[,Rli- 
lil2|S]tt©^lii;lMi£f^l^U, -?-©±lCGaNro|l)SeiS] 

[0 0 1 7] *^B^Tii. ffiilClJ. U— If^itT. 
N d : Y A G/tJU^ I/— tfOlg 4 ffiffliS (iRfi 2 6 6 n 
m) ifi^m-&*\itfis U-ifJtIi, Z n OStXG a N«f 

T'. U— IfOflli&tXaftliKto/il^. P L DfiEMiilc 
<i:yB5lilSTTZnO^^B®j»ll^jtS»U. JiJcOT, -f- 

S^«:?75C«»:lCctU. iSSSKOG a N'^xPX t^ + -> 
■\';U;iM3Hi-aiEiRl14aili*f^©-r-5ciAJ-C$-5. 
[0 0 1 8] 

SffiiLT. ■y-7 7-f 70c/j:lM^a®, /j:OL/li 

c6 nw^^mr^LAZj'^MzomotLii^B^^is. 

o (1 1 1) •®Xtt5l5;>/7X»««»tR^;i/^-lc-lr 
•;/hUTfelt(i, ■?-O±lcZn0ll«18t^f^«!U JJCU 
T, GaN'\-7^Pxe:$'4^->-v;U-:iBI3?.li-$ABElp|14ji 

7^S^^W■ml^«tl^OT^ CaNtA l N^OD^Rg 

fc U-lfjBWffiit /shifts -ttT. S T P L DfiSli!l;4C J: 
T. Sl^j|^^lc^-S)^-ne>(DxtftJ'+->+;ujiii-$ili 

[0 0 19] 

m.mm 1 

iijisff'jtuT, ^-r, t^77i'7 (000 1) }m^m 

MfCHSbTIS. Sl^ffO. 1 To r r, Sg7 00-8 
OOt;. Z nO±T©GaN^MlCOl^Tld:. g^E 
0. 1 To r r, S^fiiggS 0 O'CT^.o/S:. cnii. 
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8 m J /cm' //'^;U;^. ^-'^(DJVVT.m^^ : 5H 

yyx^^m%. mx\i, 7oo-8oov> eoHz 
(D R F X V ^ {^ffl f -5 i ^mm^^ts^m 5 < -p 

fc. cms, GaNA^U— y-'T^^Pb, G a t/.S^Tt 

[0 0 2 01 SKIIJiHJi|<i:^#lcJ::>Tf5ie) 

TlttWr-S. il2|C, •y-7 7'l'7»!tfi (0 00 1 ) ii± 

L>5:ZnOW (0 0 0 2) X *f Isl*fii!f (^^fit*! (FWH 
M) (7) ( a ) K^S (Ambient Pressur 
e) <!:« (b) S^EiSit (T emp e r a t u r e) 

??it*5^-r. fiPt. 020 (a) t (b) IS, ■y-77'r 

7 (00 0 1 ) mwL±\zim\^rzzn ot^^^^mm\z-o 

0 ox, coJi^KCetUSiJ^LfcZ nOOD (0 0 0 2) XJI 
lalJfi (XRD) W<D^m.^ (FWHM) Oil^. »Mf^ 

(a) (Amb i e n t Pressur 

e) (b) S^iSJS (Temperature) <0 

(OiSB^1i*^aifT'»-5C<!:$:35-r. 02© (a) (OiiO 
IC, illgS*^^l>S#<giHli/J\$<ni:o7S:X)^. 1 To r 
rTttU— !fr;U-A**/Jx$<;S:U. »1»CD 
l^-gA^^gTUfc. -eCT, ^^ff(i0. 1 To r rIC 
^SUfc, El 2(0 (b) cOctpiC, »<g;Sgliffi 

T;S:0:^*tJ;l\OT, 7 0 0 - 8 0 O'ClcSSLX::, 

[00 2 1 ] ;^g'|C, S3© (a) - (c) IC, 800 
*CT"y-77-r7 (0 00 1) m±\znm\^ft (a) Z n 
0(K>WMm. (b) GaN^gM. StX (c) Z no/ 
G a N 2 gffi®J!MlC•Dt^T. - 2 }S?||C J; U JiJS L 
;tX R DA^->OJ:tR<&5^-r. ftg^l^lJ 2 e = Z 
3. 8-3 5. 2° OlEST'feS. $'^WB'mmt^±l& 
LTl^*li^l4, CCDfIJ|5lca'!?(Dt-^A<<^tll$tl-& 
X><, ■?-n6)*WJ$n;5:l\c:,!:*^6., ^^•rtl^) (0 0 0 

) 1) Eisj (cttseisfi) ^mt%>mmtii±^\^xK\^:Lt 

mt^^. ^1t. 03© (d) , (e) . StX (f) 
IC. ZnO©*gM©ZnO (0 0 0 2) XRD^?. G 
aNmJiBi©GaN (0 0 0 2) XRDi^?, ^XSlnO 
/GaN2®|SSM©Z nOiGaN© (00 0 2) 0 

^nmt> Z n OHiJIlllli, fi-2 0j»?||Cj:5XRD 

JltP + -yftlciii,?tim*< . ms©*SB^Bl4ii 

HIS, 13© (b) . (e) \Zw^tiiO\z. EIJ/fi^©5$ 

1 gliZnO*g|i©5 0^^©l8gTi6Uli«)TII<, 
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7±lcljgGaNiili*f^®IL/tJi#li. z<D.t:o\zm 

m^nTX'imy^ftZ n Oii9ilCD±(CG a N$«1U 
>tfiS, fiPt.. 2 nO/GaN2^«188T-|*> ic) 6 

mmm(oz no tw\mm<Ditkm^i^t>. ml^'bm^zt 

[0 0 2 2] |il4(D (a) t (b) &Ut4 (c) 

(t (d) \Z. ■y-77-l'7S<S (GOODS 

ic^tSlU/t 2 n 0*ffKS:XZ n 0/G a N 2^|g|C 
Ol\T;lSU;tSW§!!ii52m^J«lalJ;T (R H E E D) « 

^^•r. ^)^(c-DOT, ±T. 1) :^h'J-i7*(: 

RH E ED^AWJ^nXO-SCili. i^#«IC* 

/i. 2 ) ( a ) i ( c ) ISM®rtT 3 0 ' linmtliifj 
fS]|Cj3l^TililJ^nTt^•S, 3) jiS^OT. h U -i^i^O? 
FBlPi<^)J:bAi (3) ■'"T&SC<!:(i. Z n OX)^JM®l*9T 
Ce 5-f«:<£-J$:3Tt>-5. BP'S. /v:^S©a b®rtiE|p)U 
;t *!^S145i)g;&tiJ5)c L Tl \ -5 C <!: Wit IcS^ UT I ^ 
5). 2 n 0^®^±(Cft|l|bfcG a NjlSiT=6Z nO<t 
^t<!:^(!:|5J-©RHEED^ (c) . {d) tm^b^^ 
Z.t\t. G aNt>a b®|^gK|SiL,;5:*i^B^tSt>iBM*«4^ 

to 0 2 3] S»c, $fc, ^Siam^^SSS^tS^lcJ: 
U. 2n03i?se±IC#KU/S:GaNjiSMlSSilta9-t,. 
'>ti<WMS.'hm^Zttiim^-:>1t. ms<0 (a)^ - 

(d) (4, S T P L D;ilCj;U-y-7T'f 7 (0001) 
S±lc:iH$fiEmL/cG a N<DiW)ii©S EM«i$*1-. JS 
ilSStt, (a) 4 0 0, (b) 5 0 0, 

(c) 6 0 0. (d) 8 0 0*CT*§. A)clMSg<£liiD 

h^o Cni4, tdiSCdX R D(D$^^. ■y-7 7'l'7±ICit 
i^^fiibfcG aNMIi*£B^Btt*<flOC<f:, t-ar-S. 
teT^. Sii^bSn/cZ n 0^^114. 05© (e) (C* 

#TTSi)iLX::GaNg||iCD^iifc, 05© (f) oj: 
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[0 0 2 4] ||«B<J|J2 
S! L;5:-$fllBElfi]ttG a N^KlCOl^TIIiW•r■5, P L D 

fi)cfli^#i4, (5<t:^^'±lE^^g0lJ1 ©1^7 7^-7 

«^fi±©¥^Blii»l!i©^lg^fti:[^-T'^^. El 6 CD 

(a) ic. ^nm^'^7.mwL±\zwwk\^itznom^ 

(Jlll2 0Gnm) ICOOT, d - 2 6 J§?||CJ; UjHS: 
L;tXi^0i/T/t^->*^-r. 34. 58* tl2. 9 



2* ICZ nO©.(G 0 0 2) i (G O 0 4) Xj^E^ff 
IS. fiPt. (0 0 0 n) (Hl!/^^S©❖X><ll;)llJ^nTl^•5C 

06© (b) IC. |5l2nOSll*JS}B®lCUT 
^©±IC G a Nan L^^iJ UAc Z n 0/G a N 2 ^JiH 
(SICSSI1I4 2 0 0 nm) ICOUT. ;l'JSL/;t X JUai/r 
/t^->*^-r. little (OOOn) X*llHl}/TifS©*T 
***i5St\aeTK;l$nT05. Cinii, GaNX><Z 
n0t|5)i;geiS| (cMiiEfS)) *J#oT|gfiEJ|UTl>4 
10 2 n 0<^:lai:^<[:[5]-©^S?^S (al4S) 

[0 0 2 5] 0 7IC(4, .5l5ii|;^'7;^»<5±ICf^iiLfc 
(a.) ZnOgUKt, -tO^lCGaN^SffilUTf^ijU 
(b) 2nO/GaN2Jig|ffl|©a)}ff?||cJ:Uj!«3£U 

(0 0 0 2) mim(DDy:3F>'tr^--y=^7nt. 2a 
K©5^g*^5^^^©l4. Z n O t G a NroisJi/rfld^a/J-^ 

IC, ^ifgtt-!^ 7 7 7#liB^± (Cf^S U;t:»|S icit-l* 

20 Ufcf>J!£l^/^I^T•^y, O 7 4^>^^;^-7'*^f,t,Sffi 
®SB^Ifi]lcgE|a]U/iG a N©cf4E(pHiiil!iA«ftS$ 

14. SI5BP3TI4SS|o|^U7a:l\©T, ■y-7 7'f7¥llS 
»fi±©Z n b/G a N jSJi©J:5/j:MEF*3Tftgt«c?? 
tt^S^-r R H E E D/5:J':->(4S;aj$n/j:l\. 
to o 2 "6]' 08©:(a) i (b) IC, :B^m^7.m 
«± iCf^®! i,rz ( k ) Z n O JiM <!: . ^<D± IC G a N * 
mmLXWm^ft (b) ZnO/GaN2®»^©^i!S 
'.. ■'l^T.^ij' hjll'k^t, ftlC3 8 0 nm-CC^Mi&Uftt>T 
.30 y:^^-r MiC. 4 3 0 n m J: U fiiSSJ^©SiSgl4 
; 8 0-9 0%JU±W-5Ci:;5»6. 3t^WlCt)gH/j:g|ffi 

' [0 0 2 7] ■ : , 

1) 2nO<»:GaN©@i*^'— 5r'.;/h€fflO-5STPL 
Dfi!cffltlcJ:U. •y-77'r7/j:l\La:^ii© (111)® 

»ffiX(4;*'57>«^fi$:fflt\. ZnO©^xOXt' 
40 ffiaiUT. •t©±ICG a N©/\xPXt:^:t^->t-'l'JS 

fc, 2) :*:%B^©GaN<i:ft!2©^S^jb4^J<l:©;I^!ta© 

XIJ-5-ne>lCfl!2©7t^X(4ik^!|a©?iH 
fl;^JDlC<fcU#ag<*il:$-a:;S:!t^H(^@ft^-y.;, |.^^ 

h^STPLDfiJcM;f6lCj;nidf, G a N$#t/xetJ'+ 
'> t ;HiliXI4-*i!iiE|o)tt5iMSt;^^ii?gaig|i$Ji 
il^T-t-5©T-, Cn^T'©A I N$Sffi/ilC-r-57^>4, 
XI4;SftG ajJ'-'ir'7 hlCj;4PLDa<!:7>t-7© 
S t 1^ 5» 7^ S IC PK S $ n -5 Fd^ SI ^ 7^ U - i7 ; I. - 
50 ^i, lie. 3) *!SS1$G a Njifli©f^i!lT'IJ. S^S 
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ItC, mm^^t^mt^^Smr$>H[i^^'^(DX\ itt (intensity) A^-yt. mm<D (0 0 0 2) XB^ 

flji^f^STt*. 5) cne>icj:ij. ii-srofii^-jt^ ■Di.^xmmLftmmmnmmn (rheed) » 

zj^^m^i^^mm^t^mmm^mm^wm'^^o [lasi stpld;sicj:u. ■y-77>r7 (oood 

icfelt-Sm^^m^-fkZjSpIfiEi/J:-!). i:l\?>*S55iJOS)!im;&i Rl/Z n OS«S±lCftil!UfcZ n 0/G a N 2 JiSl 

[@ii©fi8*/j:SiW] 10 106] Z n OjUlii:, ^(D±ICG a N^fBlUTj^SS 

[01] Bft^-y-;/ y'^S (STPL U^Z nO/GaN2l5iMOX*7^l2l^/'?^->^^ 

D) fS.m(D-1j:^^yr^tmvil,mX'Si>i). t. 

102] toJi?llCj;U;|iJSUfcZ no (000 2) XB [07] Z n 0311111^:. ■e-©±ICG a N^SJiUT^III 

iHlWtSiro^fflffi (FWHM) OKSIE (Amb lent U/tZ n O/G a N 213IR(D«}»?IICJ: USiJ:£U/t 

Pressure) t. SffiiSS (Temperat (0002) X^^HltffJ^OP 7=t^>^^:^-:^^:^"^o 

u r e ) fic?¥14«^^. [08] Z n 05ilg<!:, ^(D±ICG a N^rSlfUTfKi^ 
[03] ZnOmSM. GaN*®M. RJ/ZnO/G Z n O/G a N 2 gjiMOJtiiaiRT.'^i' h^U^^ 

aN2S8l)llioe-2 ejS?llc.fcU;IiJ^U;tX«!|Hl*/r 'T. 
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